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1
BYPASS DIODE

This application is the U.S. national phase of International
Application No. PCT/JP2012/077869 filed 29 Oct. 2012
which designated the U.S. and claims priority to JP Patent
Application No. 2011-245373 filed 9 Nov. 2011, the entire
contents of each of which are hereby incorporated by refer-
ence.

TECHNICAL HELD

The present invention relates to a bypass diode for a solar
cell. In particular, the present invention relates to a bypass
diode which can be used for a space solar cell mounted in an
artificial satellite, a space station, and the like.

BACKGROUND ART

Generally, a solar cell is used as a power source for an
artificial satellite, a space station, and the like. The solar cell
used for this purpose is desired to be lightweight, and a single
crystal silicon solar cell with a thickness of, for example,
about 0.1 mm is used. Further, in recent years, using a com-
pound solar cell with a thickness of less than or equal to 0.05
mm has been under consideration. A plurality of such solar
cells connected in series or in parallel constitute a solar cell
module.

For example, when a solar cell module including a plurality
of'solar cells connected in series partially goes into a shadow,
notonly power is not generated but also a voltage is applied in
an opposite direction in solar cells at the shadowed part,
reducing an overall output of the solar cell module.

Further, in a solar cell module formed by connecting com-
pound solar cells, a withstand voltage in the opposite direc-
tionis low, and the solar cells may be damaged when a voltage
is applied in the opposite direction. In order to prevent such a
situation, it is necessary to connect a bypass diode in parallel
with each solar cell. A compound solar cell having a structure
in which positive and negative electrodes of the solar cell are
arranged on a light receiving surface side has been developed
to facilitate connection between cells. In order to facilitate
connection with such a solar cell, a bypass diode having
positive and negative electrodes arranged on one surface has
also been developed. For example, in a bypass diode 101
shown in FIGS. 10(a) and 10(b), a p electrode 4 and an n
electrode 5 are provided on one surface of a semiconductor
substrate 1.

FIG. 11 shows one example of a method for connecting
solar cells and the bypass diodes. A plurality of solar cells 24
are connected by interconnectors 16, thereby constituting a
solar cell module 151. To connect solar cells 24, two inter-
connectors 16 are interposed in parallel. One bypass diode
101 is connected to each solar cell 24. To connect one solar
cell 24 and one bypass diode 101, two interconnectors 17 are
interposed in parallel. Connection by interconnectors 16, 17
are performed on one surface only.

Further, as described above, a very thin compound solar
cell has been developed, and a very thin bypass diode has also
been developed to be suitable for the solar cell.

Examples of Bypass Diode Described in Documents

Japanese Patent Laying-Open No. 6-53377 (PTD 1)
describes one example of a diode used as a blocking diode or
a bypass diode in a solar cell used as a power source for an
artificial satellite and a space station operated in space.
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2
Japanese Patent Laying-Open No. 2009-158697 (PTD 2) is
an application by the same inventor and applicant as those of
the present invention. PTD 2 describes a bypass diode for a
solar cell configured such that a pn junction diode is provided
and a p electrode and an n electrode are arranged on a main
surface of a semiconductor substrate.

Conventional Manufacturing Method

A method for manufacturing a bypass diode in accordance
with a conventional technique will be described with refer-
ence to FIGS. 12 to 20. This method corresponds to a method
for manufacturing the bypass diode described in PTD 2.

First, a semiconductor substrate obtained by slicing a sili-
con crystal ingot has a damaged layer in the vicinity of a
surface thereof formed during slicing. Thus, using an acid or
alkaline solution, the damaged layer is etched, and the semi-
conductor substrate is etched to have a desired thickness.
Thereby, semiconductor substrate 1 shown in FIG. 12 is
obtained.

Next, semiconductor substrate 1 is placed into a quartz
furnace heated to 1000 to 1200° C. to form oxide layers 2a, 2b
on front and back surfaces of semiconductor substrate 1 using
oxygen and water vapor. Thus, the state shown in FIG. 13 is
obtained.

Next, as shown in FIG. 14, a pattern is formed on semicon-
ductor substrate 1 using a photoresist 6a, and thereafter oxide
layer 2a is etched to have a desired shape.

Next, photoresist 6a on semiconductor substrate 1 is
removed to obtain the state shown in FIG. 15, and thereafter
this structural body is placed into the quartz furnace heated to
about 800 to 1100° C. and a gas containing boron is fed.
Thereby, a p+ layer 3 is formed in the vicinity of the upper
surface of semiconductor substrate 1 exposed at an opening in
oxide layer 2a as shown in FIG. 16.

Next, this structural body is placed into the quartz furnace
heated to 900 to 1200° C. to form oxide layers 12a, 126 on
semiconductor substrate 1 using oxygen and water vapor as
shown in FIG. 17. Oxide layers 12a, 125 are formed to incor-
porate previously formed oxide layers 2a, 25 therein. By this
heat treatment, drive-in is performed simultaneously. The
“drive-in” used herein means diffusing impurity atoms in the
vicinity of the surface of a substrate into a deep position. On
this occasion, it is desirable that the quartz furnace is set at a
temperature higher than the temperature for diffusion. As a
result of the drive-in, p+ layer 3 has an increased depth as
shown in FIG. 17.

Next, as shown in FIG. 18, a pattern is formed on one
surface using a photoresist 65, and thereafter oxide layers
124, 125 are etched to have desired shapes. Then, photoresist
6b is removed to obtain the structure shown in FIG. 19.
Specifically, oxide layer 12a having a desired pattern remains
onone surface, and oxide layer 125 is removed from the other
surface.

Next, as shown in FIG. 20, p electrode 4 and n electrode 5
are formed on the front surface of semiconductor substrate 1.
Aback surface electrode 7 is formed on the lower surface of
semiconductor substrate 1.

Next, semiconductor substrate 1 is cut with a dicing saw,
and thus chip-shaped bypass diodes are completed. Although
a chip-shaped bypass diode is shown in FIGS. 12 to 20 for
convenience of explanation, actually it is common to perform
each step on a large-sized substrate and finally cut the sub-
strate to obtain chip-shaped bypass diodes.
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SUMMARY OF INVENTION
Technical Problem

As aresult of the etching of the oxide layer from FIG. 17 to
FIG. 18, this structural body tends to be warped. When the
structural body is warped at the time of FIG. 18, warpage
remains when the structural body is completed as a bypass
diode. A bypass diode with large warpage above a certain
level is considered as a defective.

Accordingly, one object of the present invention is to pro-
vide a bypass diode with reduced warpage.

Solution to Problem

In order to achieve the above object, a bypass diode in
accordance with the present invention includes a semicon-
ductor substrate having a first surface and a second surface
opposite to each other, a first conductive type electrode and a
second conductive type electrode arranged on the first sur-
face, a back surface electrode arranged on the second surface
and having a polarity identical to that of the semiconductor
substrate, a first oxide layer arranged on the first surface, and
a second oxide layer arranged on the second surface.

Advantageous Effect of Invention

According to the present invention, since not only the first
surface of the semiconductor substrate but also the second
surface on the back side thereof are provided with oxide
layers, warpage caused due to an oxide layer can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross sectional view of a bypass diode in
Embodiment 1 in accordance with the present invention.

FIG. 2 is aplan view of a solar cell module using the bypass
diodes in Embodiment 1 in accordance with the present
invention.

FIG. 3 is an explanatory view of a seventh step of a method
for manufacturing a bypass diode in Embodiment 2 in accor-
dance with the present invention.

FIG. 4 is an explanatory view of an eighth step of the
method for manufacturing the bypass diode in Embodiment 2
in accordance with the present invention.

FIG. 5 is an explanatory view of a ninth step of the method
for manufacturing the bypass diode in Embodiment 2 in
accordance with the present invention.

FIG. 6 is an explanatory view of a bypass diode in Embodi-
ment 3 in accordance with the present invention.

FIG. 7 is an explanatory view of a first variation of the
bypass diode in Embodiment 3 in accordance with the present
invention.

FIG. 8 is an explanatory view of a second variation of the
bypass diode in Embodiment 3 in accordance with the present
invention.

FIG. 9 is a cross sectional view of a variation of the bypass
diode illustrated in Embodiments 1, 2 in accordance with the
present invention.
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FIG.10(a) is a plan view, and FIG. 10(5) is a cross sectional
view, of a bypass diode in accordance with a conventional
technique.

FIG. 11 is a plan view of a solar cell module using the
bypass diodes in accordance with the conventional technique.

FIG. 12 is an explanatory view of a first step of a method for
manufacturing the bypass diode in accordance with the con-
ventional technique.

FIG. 13 is an explanatory view of a second step of the
method for manufacturing the bypass diode in accordance
with the conventional technique.

FIG. 14 is an explanatory view of a third step of the method
for manufacturing the bypass diode in accordance with the
conventional technique.

FIG. 15 is an explanatory view of a fourth step of the
method for manufacturing the bypass diode in accordance
with the conventional technique.

FIG. 16 is an explanatory view of a fifth step of the method
for manufacturing the bypass diode in accordance with the
conventional technique.

FIG. 17 is an explanatory view of a sixth step of the method
for manufacturing the bypass diode in accordance with the
conventional technique.

FIG. 18 is an explanatory view of a seventh step of the
method for manufacturing the bypass diode in accordance
with the conventional technique.

FIG. 19 is an explanatory view of an eighth step of the
method for manufacturing the bypass diode in accordance
with the conventional technique.

FIG. 20 is an explanatory view of a ninth step of the method
for manufacturing the bypass diode in accordance with the
conventional technique.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

A bypass diode in Embodiment 1 in accordance with the
present invention will be described with reference to FIGS. 1
and 2. As shown in FIG. 1, a bypass diode 201 in the present
embodiment includes semiconductor substrate 1 having a
first surface 31 and a second surface 32 opposite to each other,
p electrode 4 as a first conductive type electrode and n elec-
trode 5 as a second conductive type electrode arranged on first
surface 31, back surface electrode 7 arranged on second sur-
face 32 and having a polarity identical to that of semiconduc-
tor substrate 1, first oxide layer 12a arranged on first surface
31, and second oxide layer 125 arranged on second surface
32.

In the present embodiment, since not only first surface 31
but also second surface 32 of semiconductor substrate 1 are
provided with oxide layers, warpage caused due to an oxide
layer can be reduced.

Further, preferably, first oxide layer 12a and second oxide
layer 125 are arranged symmetrically with semiconductor
substrate 1 sandwiched therebetween, as illustrated in the
present embodiment. When they are arranged symmetrically,
comparable stresses are applied by the oxide layers to respec-
tive portions of the two surfaces, and thus warpage can be
reduced effectively.

FIG. 2 shows an example in which a plurality of solar cells
24 are connected using bypass diodes 201 to constitute a solar
cell module. A solar cell module 251 includes a plurality of
solar cells 24 and a plurality of bypass diodes 201. Each
bypass diode 201 corresponds to each solar cell 24. Although
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FIG. 2 shows two solar cells 24, solar cell module 251 may be
formed by connecting a greater number of solar cells 24.

Embodiment 2

A method for manufacturing a bypass diode in Embodi-
ment 2 in accordance with the present invention will be
described with reference to FIGS. 12 to 17 and FIGS. 3 to 5.
The description will be given of the case of manufacturing
bypass diode 201 illustrated in Embodiment 1.

The method for manufacturing the bypass diode in the
present embodiment is basically identical to the method for
manufacturing the bypass diode in accordance with the con-
ventional technique, in the steps from FIGS. 12 to 17. How-
ever, in the step shown in FIG. 12, for a semiconductor sub-
strate obtained by slicing a silicon crystal ingot, an acid or
alkaline solution is used to etch a damaged layer and etch the
semiconductor substrate to have a thickness of about 0.1 mm.
Here, semiconductor substrate 1 may be n type or p type, and
the size and the thickness of semiconductor substrate 1 are not
limited to examples illustrated here.

Further, although the following description will be given
using an n type semiconductor substrate for convenience, a p
type semiconductor substrate may be used. When a p type
semiconductor substrate is used, a p+ layer described below
may be read as an n+ layer, and an n+ layer described below
may be read as a p+ layer. However, conditions for diffusion
and the like differ when an n type semiconductor substrate is
used and when a p type semiconductor substrate is used.

In the method for manufacturing the bypass diode in the
present embodiment, from the state shown in FIG. 17, pat-
terns of photoresist 65 are formed on both of the upper and
lower surfaces as shown in FIG. 3, instead of forming photo-
resist 65 on the upper surface only and entirely removing the
oxide layer on the back surface as shown in FIG. 18 from the
state shown in FIG. 17. Then, both of oxide layers 12a, 125
are patterned in the same manner. Thereafter, photoresist 65 is
removed to obtain the state shown in FIG. 4. Next, as shown
in FIG. 5, p electrode 4 and n electrode 5 are formed on the
upper surface of semiconductor substrate 1.

Preferably, highly conductive materials such as silver and
aluminum are used as electrode materials for p electrode 4
and n electrode 5. Further, as a method for forming p electrode
4 and n electrode 5, for example, a method for evaporating
electrode materials by electron beam heating in high vacuum
can be adopted. Alternatively, screen printing of pastes con-
taining electrode materials may be adopted. Alternatively,
plating of electrode materials may be adopted. The method
for forming the electrodes is not limited to the above methods,
and an appropriate method using a known technique can be
used. Thereafter, back surface electrode 7 is formed using the
same means as that for forming p electrode 4 and n electrode
5. Further, preferably, heat treatment at 400° C. to 500° C. is
performed after the electrode materials are attached to semi-
conductor substrate 1 in order to obtain good ohmic contact
between semiconductor substrate 1 and p electrode 4, n elec-
trode 5, and back surface electrode 7.

Next, semiconductor substrate 1 is cut with a dicing saw,
and thus chip-shaped bypass diodes are completed. When
cutting semiconductor substrate 1, laser or the like may be
used instead of a dicing saw. Although a chip-shaped bypass
diodeis shown in FIGS. 3 to 5 for convenience of explanation,
actually it is common to perform each step on a large-sized
substrate and finally cut the substrate to obtain chip-shaped
bypass diodes.
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6

According to the method for manufacturing the bypass
diode in the present embodiment, the bypass diode as
described in Embodiment 1 can be obtained.

Embodiment 3

A bypass diode in Embodiment 3 in accordance with the
present invention will be described with reference to FIG. 6.
The bypass diode in the present embodiment corresponds to a
variation of Embodiment 1. FIGS. 6 to 8 are views of the
bypass diode seen from below, i.e., views of the bypass diode
seen from the side of the second surface. Although second
oxide layer 125 is actually covered with back surface elec-
trode 7, second oxide layer 124 is shown here in a state with
back surface electrode 7 removed for convenience of expla-
nation. Although the outer shape is simplified and illustrated
as a square here for convenience of explanation, the outer
shape of the bypass diode is actually not limited to a square.

As shown in FIG. 6, in the present embodiment, second
oxide layer 124 is arranged in a lattice pattern. In the example
shown in FIG. 6, second oxide layer 125, which has been
originally formed to cover the entire area, is patterned to be
left in a lattice pattern. In other words, small square openings
are arranged in a matrix.

By configuring the second oxide layer to be arranged in a
lattice pattern as illustrated in the present embodiment, even
if the second oxide layer is not symmetrical to the first oxide
layer, the pattern of the second oxide layer is substantially
uniformly distributed over the entire area, and thus warpage
can be alleviated to some extent as a whole.

Hereinafter, a further variation of the present embodiment
will be described. The second oxide layer may be arranged in
a stripe pattern. FIG. 7 shows one example. In the example
shown in FIG. 7, second oxide layer 125 is patterned to be left
in a stripe pattern. By configuring the second oxide layerto be
arranged in a stripe pattern as described above, even if the
second oxide layer is not symmetrical to the first oxide layer,
the pattern of the second oxide layer is substantially uni-
formly distributed over the entire area, and thus warpage can
be alleviated to some extent as a whole.

Still another variation will be described. The second oxide
layer may be formed by regularly arranging a plurality of
basic shapes each isolated from one another. FIG. 8 shows
one example. Inthe example shown in FIG. 8, as second oxide
layer 125, patterns of square basic shapes each isolated from
one another are regularly arranged in a matrix. In other words,
second oxide layer 125 has a shape formed by removing a
lattice-shaped area from second oxide layer 1256 which has
originally covered the entire area. By configuring the second
oxide layer such that a plurality of basic shapes each isolated
from one another are regularly arranged as described above,
even if the second oxide layer is not symmetrical to the first
oxide layer, the pattern of the second oxide layer is substan-
tially uniformly distributed over the entire area, and thus
warpage can be alleviated to some extent as a whole.

Preferably, in a case where any of the patterns in Embodi-
ments 1, 3 is adopted as the arrangement of the second oxide
layer, the ratio of an area of a portion of second surface 32
which is not covered with second oxide layer 125 to an area of
a portion of first surface 31 which is not covered with first
oxide layer 124 is more than or equal to 20%. By adopting this
configuration, the rates of the oxide layers on the both sur-
faces are easily balanced, and thus warpage is easily reduced.

Preferably, semiconductor substrate 1 has a thickness of
less than or equal to 100 pm. This is because parts used for an
artificial satellite are required to be lightweight, and a fully
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lightweight diode can be obtained when semiconductor sub-
strate 1 has a thickness of less than or equal to 100 um.

It is noted that Embodiments 1, 2 have described a con-
figuration in which only p+ layer 3 is formed through one of
two openings in first oxide layer 124 on the upper surface of
semiconductor substrate 1. Instead of such a configuration, a
configuration in which p+ layer 3 is formed through one of the
two openings and an n+ layer is formed through the other of
the two openings may be adopted. FIG. 9 shows one example.
P+ layer 3 is formed through one opening, and an n+ layer 8
is formed through the other opening. P+ layer 3 is located
below p electrode 4, and n+ layer 8 is located below n elec-
trode 5. By forming the n+ layer, ohmic contact between n
electrode 5 and semiconductor substrate 1 can be improved.
The n+ layer can be formed, for example, by placing this
structural body into a quartz furnace heated to 700 to 900° C.,
and feeding a gas containing phosphorus.

It is noted that a plurality of examples illustrated in the
above embodiments may be combined as appropriate and
adopted.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the scope of the
claims, rather than the description above, and is intended to
include any modifications within the scope and meaning
equivalent to the scope of the claims.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a bypass diode for a
solar cell.

REFERENCE SIGNS LIST

1: semiconductor substrate; 2a, 2b, 124, 12b: oxide layer;
3: p+ layer; 4: p electrode; 5: n electrode; 6a, 65: photoresist;
7: back surface electrode; 8: n+ layer; 16, 17: interconnector;
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24: solar cell; 31: first surface; 32: second surface; 101: (con-
ventional) bypass diode; 151: (conventional) solar cell mod-
ule; 201: bypass diode; 251: solar cell module.

The invention claimed is:

1. A bypass diode, comprising:

a semiconductor substrate having a first surface and a sec-
ond surface opposite to each other;

a first conductive type electrode and a second conductive
type electrode arranged on said first surface;

a back surface electrode arranged on said second surface
and having a polarity identical to that of said semicon-
ductor substrate;

a first oxide layer arranged on said first surface; and

a second oxide layer arranged on said second surface.

2. The bypass diode according to claim 1, wherein said first
oxide layer and said second oxide layer are arranged sym-
metrically with said semiconductor substrate sandwiched
therebetween.

3. The bypass diode according to claim 1, wherein said
second oxide layer is arranged in a lattice pattern.

4. The bypass diode according to claim 1, wherein said
second oxide layer is arranged in a stripe pattern.

5. The bypass diode according to claim 1, wherein said
second oxide layer is formed by regularly arranging a plural-
ity of basic shapes each isolated from one another.

6. The bypass diode according to claim 1, wherein a ratio of
an area of a portion of said second surface which is not
covered with said second oxide layer to an area of a portion of
said first surface which is not covered with said first oxide
layer is more than or equal to 20%.

7. The bypass diode according to claim 1, wherein said
semiconductor substrate has a thickness of less than or equal
to 100 pm.

8. The bypass diode according to claim 1, wherein the back
surface electrode is formed integrally.

#* #* #* #* #*



